The chief causes of the high operative mortality in dogs are the technical difficulties of the operation, the small ureter and the rigid thick-walled rectum peculiar to this animal, while the renal infections in the successful cases can be ascribed to the mode FIG. 2.--A, the piercing instrument about to perforate mucosa and enter B, the rectal tube, through which it is withdrawn pulling the ureter after it into the tunnel. C, stay sulture.
of implantation, for in the majority the ureters were transplanted by the "direct" as opposed to the "oblique" method. up to six months after operation all showed normal kidneys. If this operation yields as good results in a larger series of animals and after a long period, and if it is not followed by stenosis of the ureteric orifice, it will undoubtedly be the operation of choice in suitable cases in man.
HISTORICAL.
The earliest attempts to divert the flow of urine from its iatural receptacle were made in the endeavour to relieve the distressing symptoms associated with extroversion of the bladder. The first recorded operation for this purpose was performed in 1851 by Sir John Simon [6] of St. Thomas's Hospital. He established a fistula between the ureter and the rectum by means of a tight ligature passed through their adjacent walls with an ingenious instrument he devised for the purpose. Subsequently he ligatured the lower end of each ureter. The operation was not entirely successful, for though some urine passed by the bowel the ureteric orifices were not completely obliterated. The patient, a boy aged 13, died a year later and at the post-mortem "the ureters were blocked with calculi and both kidneys were seriously diseased." It is interesting to note that Coffey's latest technique (and the one which has been more successful in dogs than any other) is similar in principle to the operation devised by Simon over eighty years ago.
The next attempt was made twenty-.seven years later by Sir Thomas Smith [7] of St. Bartholomew's Hospital in 1878. He actually transplanted eacb ureter into the back of the ascending and descending colon, so to him belongs the credit for the first operation of this nature. Although it failed, it deserves our recognition as the work of a pioneer and a brilliant surgeon. He operated on the left side first, but the ureter came away from the bowel and, unbeknown tohim, its lumen was oblitered by scar tissue and the kidney atrophied. The patient recovered and, being in good health, fourteen months later the transplant was done on the right side, but unfortunately the ureter was so'compressed by the sutures that death from suppression of urine took place on the third day.
After an interval of thirteen years in which not a single case was recorded, though some may have been attempted, surgeons suddenly awoke to the possibilities of the operation, for between 1891 and 1897 a number of cases were reported in which the operation was performed for growths, tubercle and fistula of the bladder as well as for extroversion. (in 1929) reported seventeen cases operated on by the same method between 1912 and 1927 with four deaths, the survivors being quite well from one and a half to fifteen years after operation. These figures, given by two surgeons whose reports can be relied on, make me wonder if the more complicated oblique transplantation is necessary, but on the whole I think that it is worth persevering with, for the ureter is less liable to be compressed and the valvular action diminishes the danger of ascending infection. Moreover, we must remember that most of Stiles' and Grey Turner's operations were performed in two stages and all were for either extroversion or epispadias, so that in most of theircases the ureters and kidneys would be more or less healthy.
Finally (fig. 7 ) and the corresponding catheter or tube is attached to it. The gauze is then withdrawn from the anus and takes with it the attached catheters until the ends of the ureters lie just within the bowel, where they are fixed by a suture passing through all its coats. The ureters are buried by one or two layers of Lembert sutures, some of which catch up their wall, and finally the pelvic peritoneum is sutured in such a way as to cover them completely and fix the intestine.
I will now describe some modifications of the above technique which I have evolved from the e-cperience gained in my series of cases.
Preparation.-I do not irrigate the bowel when the abdomen is opened but rely on a good purge, an enema overnight, another on the morning of the operation and a thorough wash-out two hours before the patient comes to the theatre. Coffey may consider irrigation one of the secrets of his success, but I doubt if it is really of any practical value. If it be required it can be done more rapidly and more effectively with a long rectal tube passed up the sigmoidoscope. then be seriously jeopardized and will depend solely upon the extent of the anastomosis with the spermatic branches. This applies particularly to the right ureter, for being further from the bowel than the left, it has to be swung further inwards to make contact, and consequently vessels reaching it low down are always divided. The blood supply of the left ureter is generally safe, for besides being closer to the bowel it is also closer to the middle hiemorrhoidal artery. I am convinced that sloughing of the implanted portion of the ureter, a not infrequent cause of post-operative death, is due more often to avascularity than to infection, for it occurred on the right or difficult side in three of the four of my fatal cases which were due to this cause. In two of these the vessels were so short that they had to be divided, and in the third, when preparing the field for transplantation of the left ureter a fortnight after transplantation of the right, the blood supply of the latter was damaged while separating some firm adhesions over the anastomosis. Death took place twenty-four hours later, and at the post-mortem the recent left junction was sound but the terminal 1J in. of the right ureter had sloughed completely. I have therefore come to the conclusion that if the blood supply of the 37 1419 lower end of the right ureter cannot be preserved, about an inch of it should be excised, the pelvic colon pulled well over to the right, and the junction made at a higher level than usual.
Mr. Jeffery has suggested that antemic necrosis may also be caused by spasm of the muscular wall of the intestine and has pointed out that in benign proctitis there is no spasm, but in the true ulcerative form where the muscular wall is invaded, the spasm is so pronounced as to be diagnostic in sigmoidoscopic and X-ray examinations. He makes the helpful suggestion that the injection into the wall of the bowel of a local anesthetic having a prolonged antispasmodic effect, such as A.B.A., might overcome this danger. [4] tunnel technique has been most successful in dogs, in which the rectum is firm and thick-walled, but I doubt if it is generally applicable to man, for the walls and mucous membrane of the human bowel are so thin and the submucous tissue so scanty and tenacious that perforation of the mucosa seems unavoidable.
In embedding the ureter by the Coffey method the important points are:
(1) complete hamostasis to prevent compression by clot, and (2) care not to cause strangulation by a tight suture at the point where it enters the wall of the bowel. Drawing the ureters into the bowel.-In my first few cases I followed Coffey's rectal tube technique, in which the ureteric catheter or tube is attached to a tube in the rectum with a suture passed through the opening in the mucous membrane. As this was a weak spot in an otherwise clean operation, for some years I have employed a method which is practically completely aseptic. After the rubber tube is fixed in the ureter, a ureteric catheter is attached to its distal end. A curved leaden rectal tube is then passed by an assistant and guided to the site of anastomosis by the operator's hand within the pelvis. After using it as a support for dividing the muscular layer it is tilted up, and the lowest part of the incised wall of the bowel is so held as to be stretched tightly over its open end ( fig. 12) . The mucosa is then punctured with a fine knife and the ureteric catheter attached to the ureteral tube passed through the opening into the rectal tube to be caught and Ill Proceedings of the Royal Society of Medicine withdrawn by the assistant until the end of the ureter is within the bowel ( fig. 1?3) .
The opening in the mucous membrane is made just large enough to take the ureter, so no suturing is required. The stay suture is then passed through the muscular coat and tied (figs. 13, 14 and 15).
Transplantation of one ureter at a time or simultaneous bilateral transplantation depends on the condition and age of the patient and the condition for which the operation is being performed.
For malformations in young children, or as a palliative for inoperable carcinoma in aged and debilitated adults, the two-stage operation is probably safest. When the operation is a preliminary to total cystectomy simultaneous bilateral transplantation is advisable, for the dangers of three operations and the time that must elapse before the cystectomy can be performed, are more to be feared than the slight additional risk of the double operation.
The chief disadvantage of the two-stage operation is the formation of firm and sometimes dangerous adhesions. It was owing to this that I lost what should have been a successful case, for in separating adhesions, the blood supply of a transplanted right ureter which had been functioning perfectly for a fortnight, was so damaged that it sloughed. When a two-stage operation is necessary I advise transplantation of the left ureter first, for the disturbance of the intestines and the injury to the peritoneum are less and subsequent adhesions are generally limited to that side. When the right operation is performed first the pelvic colon has an unpleasant way of falling downwards and forwards, and forming with its mesentery an adherent sheet which must be separated before the pelvi-rectal junction can be exposed.
For .p 440 Di8cU88ion.-Mr. P. N. WALKER-TAYLOR: In the course of his paper Mr. Nitch made reference to my research work on this subject. For two years I was engaged in research work in the Department of Urology at the Royal Prince Alfred Hospital, Sydney, and in respect of this particular problem I performed operations on 77 dogs, with the implantation of 106 ureters. I commenced by following Coffey's techniques 1 and 2. A high mortality resulted, death being due, in many instances, to peritonitis, in others, of course, to pyelonephritis and hydronephrosis. In my experience of these cases, pyelonephritis arising in a normal kidney rarely, if ever, results without demonstrable obstruction to the ureter. Peritonitis arose from leakage of infected material between the stitches.
It seemed obvious that if incision and resuture of the intestinal muscle and peritoneum could be avoided, whilst the principle of submucous transplantation was still retained, a definite improvement would be effected. It was conceived that burrowing a longitudinal tunnel in the submucous layer of the bowel would comply with these two conditions. After many modifications I finally arrived at what I called the " aseptic irreversible tunnel technique." The ureter is cut and the end split. A silk ligature is affixed to the split end, and the other end of the silk is tied to the piercing instrument. The bowel is taken in the left hand and a small tran'sverse incision is made into the muscular layer at a spot which becomes the proximal end of the tunnel. The tunnel is now made with a blunt dissector, the type I employed being McCormick's. By a stroking motion of the tip of the instrument the mucosa is by degrees pushed away from the muscle for the required distance. A straight metal tube is inserted up the rectum by an assistant to the distal end of the blind tunnel, where it is held through the bowel wall with the left hand. The piercing instrument is now introduced into the tunnel and its tip makes a tent of the mucosa at the distal fundus, which is inserted into the end of the rectal cylinder. The piercing instrument is pushed through the mucosa and down the tube. Thence it is gradually drawn from the rectum by an assistant until the silk and finally the ureter enters the tunnel. The ureter is allowed to project within the bowel lumen and is anchored by one stitch at the proximal end of the tunnel and again by the terminal silk ligature outside the anus. In dogs the fashioning of the tunnel is a very simple matter, but on account of their small ureters I found the employment of ureteral catheters ill-advised.
Taking into consideration that the experiments were performed on dogs, and recognizing the elementary fact that the smaller the ureter the greater the risk of obstruction, the results were satisfactory. While using the above technique, i.e. in thirty-four consecutive operations, there was not one case of peritonitis arising from the implantation site, nor was there a single death from acute pyelonephritis.
Omitting uncontrollable causes, such as pneumonia and gangrenous wounds, the cause of death in the unsuccessful cases of this series was hydronephrosis and pyonephrosis, at variable times after the operation up to five months. The obstruction in these cases always lay at the cut end of the ureter, which had contracted. This phenomenon, in experimental work at least, was the finial problem that remained, and is the feature that must be carefully watched for many months after Coffey's transfixion suture technique.
Mr. Nitch considers sloughing of the ureter to be due to avascularity. I have only seen this phenomenon when catheters were employed. In each case it was thought that too large a catheter had been used for the size of the ureter.
Clinically I have performed this operation on one patient, a youth, aged 20, who had an ectopic bladder. I transplanted the right ureter into the rectum. In spite of the contracted pelvis the rectum pulled up easily and the operation proceeded according to plan. After about ten days or a fortnight the rectal urine began to be scanty, and the patient's temperature fluctuated. Through a sigmoidoscope I saw an inflamed and swollen ureteral papilla. This I nipped off, and the patient was soon passing up to fifty ounces of rectal urine daily. Uroselectan showed the kidney to be functioning well. Five weeks after the first operation I opened the abdomen to transplant the left ureter. Owing to the right transplant the rectum could not this time be well mobilized, and in attempting to fashion the tunnel, the mucosa was early perforated. I Mr. W. H. OGILVIE: I would like further information upon one point-why the operation continues to be performed by urologists. It would appear that the technical difficulties are considerable, the risks out of proportion to the benefits to be expected, and success rarely enduring. Much ingenuity has been expended in overcoming the difficulties that are of your own choosing, and in attempting to solve problems that are by their nature insoluble.
The majority of these operations have been performed for incurable conditions, in which the prospect of life was one of a few months only. Is there justification, under such circumstances, for a procedure whose primary mortality, in cases of carcinoma, seems to vary between 20% and 60%, and which leads, in many of those that survive, to an ascending infection of the kidneys which cannot be combated. It may be doubtful by what mechanism infection reaches the kidneys, but its first cause is the implantation of the ureters into a highly infected area. When for any reason a fistulous communication occurs between the colon and the bladder, infection of the kidneys inevitably follows, even though the normal mechanism guarding the ureteric orifices is intact. It appears inevitable when there is no such protection. In the operation of transplantation an attempt is made to prevent infection by the formation of a valve, which is claimed to be a reproduction, in the colon, of the ureteric orifice in the bladder. The valve, however, is a mechanism rarely employed in the body, and then only in the circulatory system. All the other " valves " have been shown in turn to be sphincters, and it seems probable that the emptying of the ureter is like that of the stomach and ileum, and the ureteric orifice akin to the pylorus or ileoceecal sphincter. A valve in any case is only efficient against pressure, and the tests that have proved the success of the uretero-colic valve have been pressure tests. The large intestine is inert over the greater part of the day, and an interchange between the two tubes must then be possible.
I bring up this question because, in the only case of total cystectomy I have been called upon to perform, I used the method of transplanting the ureters into the skin, which I had seen successfully employed by Nordenboos of Amsterdam. The,technique of this operation is very much easier than that we are discussing. Peritonitis is impossible, because the peritoneum is not opened and the colon not touched; the subsequent cystectomy is also very much easier in an abdominal cavity free from adhesions. The ureters discharge upon a clean surface, and should attacks of pyelitis occur, as they may after any form of transplantation, they are easily dealt with by irrigation. After ureto-colic transplantation there is no means of treating such attacks except by drugs. Finally the patient's comfort is, I imagine, much greater after Nordenboos' operation than after transplantation into the bowel. In place of liquid motions passed at frequent intervals, he has a perfectly efficient apparatus like that used for a permanent suprapubic opening, and his equanimity is only limited by the size of the bag.
Mr. BERNARD WARD: My experience with Coffey's simultaneous transplantation of both ureters extends to four cases of growths of the bladder and all were performed by the No. 2 technique, with tubes. The first case was a patient with only one ureter, the other kidney and ureter having been previously removed on account of a growth. The transplantation of the ureter was followed by total cystectomy three weeks later. The patient subsequently lived five years in perfect health, until secondary growths carried him off. At the autopsy the kidney was found to be healthy macroscopically and microscopically, except for a few small secondary nodules. The ureter was not dilated. Specimens from this case were shown before the Section at the end of last year.'
The second patient was a woman over sixty, in the last stage of advanced cancer of the bladder, and the operation was performed with the idea of giving her relief during the few 1 Proceeding8, 1932, xxv, 540 (Sect. Urol. 14).
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Section of Urology 1429 remaining weeks of her life. She survived for six weeks, with complete relief from pain and hoemorrhage, and then died from exhaustion. The autopsy disclosed a mild infection at the site of implantation of the right ureter, with some mild peritonitis around, and also infection of the right kidney. The left ureter was not dilated, and the kidney was healthy. The third case, like the first, was followed in three weeks by total cystectomy, for multiple growths. The patient is alive and well to-day, eighteen months after his operation, and is in perfect health. The blood urea has been constantly tested and is always between 40% and 50%. He has not had any pain in the back, or febrile attacks, and is at work as a labourer.
The fourth case was in a woman with advanced carcinoma of the bladder, invading the anterior vaginal wall, and the transplantation was intended as a preliminary to cystectomy. However, peritonitis developed and the patient died on the eighth day. At autopsy the last three-quarters of an inch of the right ureter were found to be gangrenous and there was widespread peritonitis around. The right kidney was full of pus. The left kidney and ureter and the site of implantation in the bowel were healthy.
One may summarize these results as follows: Seven ureters were transplanted, of which five were entirely successful, there being no dilatation of the ureter, or infection of the kidney. Two were unsuccessful, and in these there was infection at the site of implantation, and also infection of the kidney. Both were on the right side, and in view of what Mr. Nitch has just told us with regard to the blood supply of the lower end of the right ureter, and the ease with which it may be disturbed, it is possible that this was the cause of the bad result in these cases. My results seem to suggest that if one can successfully make an anastomosis in the bowel wall without getting any infection of the wound, one is likely to get a successful result by Coffey's method. I look upon these results as extremely encouraging.
I should like to ask Mr. Nitch if in his view Coffey's No. 1 technique, without tubes, would be likely to be successful if used for simultaneous transplantation of both ureters ? Coffey says that it is invariably fatal in dogs, and for that reason has never tried it in man, but it has been used most successfully for transplantation of the ureters in two stages, and there are so many advantages associated with it that if further experience proves it to be feasible for simultaneous bilateral transplantation, it is likely to be the operation of the future.
Mr. E. W. RICHES said that he had been impressed by the advantages of Mr. WalkerTaylor's aseptic-irreversible-tunnel technique and had tried to apply it to human beings. In the post-mortem room he had been able to form a tunnel fairly easily, but had found an instrument rather sharper than a blunt dissector to give the best results. In the living subject it was impossible to tunnel with certainty for more than half an inch before piercing the mllucous membrane, but it was possible to combine the Coffey and Walker-Taylor technique without losing the advantage of the latter, by making a li-in. incision through the peritoneal and muscular coats of the bowel and tunnelling for the final i in. For this purpose he had employed a single instrument both for tunnelling and piercing; it was a 9-in. straight trussing needle with the point ground down and flattened to give a thin blade with a fairly sharp cutting edge ; the rubber tube was slipped over the blunt end of the needle and fixed by a stitch through the eye; the needle was passed into a sigmoidoscope introduced by an assistant and drawn down, the tube and ureter following. This had the additional advantage of ensuring that the ends of both tube and ureter were closed in transit through the bowel lumen.
He had operated on two patients by this method, doing bilateral transplantation at one sitting; both were cases of carcinoma of the bladder base. In one the left transplant was successful but the right was too direct and an ascending infection ensued; as the left kidney was fibrotic and functionless, the patient died. In the second case, that of a woman aged 55, both transplants were successful and a total cystectomy was performed one month later. The patient was now well and comfortable three months after operation. He did not allow her to hold her urine for more than three hours, and this she was able to do easily.
He felt that the comfort of the patient was much greater after successful transplantation into the bowel than on to the skin surface.
He had found difficulty in using a straight sigmoidoscope during the operation as the patient had to be nmoved to the end of the Mr. T. J. MILLIN said that he found it difficult to believe that the cause of the occasional sloughing of the lower end of the ureter after colonic implantation was, as Mr. Nitch suggested, the result of an interference of the blood supply, due to sectioning of the small ureteric branches of the superior vesical artery, etc. In practice, it was well-nigh impossible to avoid them, yet sloughing only occasionally resulted. This accident did not follow skin implantation. Moreover, in some spastic conditions, extensive stripping of the ureter had been employed, certainly interfering with this vascular supply, yet sloughing had not resulted. It appeared to him that the phenomenon depended on undue tension leading to a relative ischbmia, and so predisposing to a direct infection from the intestinal lumen.
He agreed with previous speakers that skin implantation was preferable in malignant cases, but that the colonic technique was that of choice for benign conditions where the expectation of life was reasonably long.
Mr. NITCH, in reply, said that his own experience of tunnelling the bowel had convinced him that the Walker-Taylor operation could seldom be carried out successfully in man.
Bilateral ureterostomy, referred to by Mr. Ogilvie, was, in his (Mr. Nitch's) opinion, an unsatisfactory operation, especially for a young adult; it was attended by great mental and physical discomfort, and was no more free from the danger of ascending infection than was recto-sigmoid transplantation. Most patients could retain urine after the latter operation for about three hours during the day, and from seven to eight hours at night. Abdominal adhesions did not affect the subsequent cystectomy, as it was, or should be, an extra-peritoneal operation.
He congratulated Mr. Bernard Ward on his success in the two cases of total cystectomy, and considered that such results fully justified risking the dangers of transplantation. Coffey's No. 1 operation without tubes should always be in two stages, for in the few cases in which it had been employed for simultaneous bilateral tratsplantation, all the patients had died.
